ABSTRACT-This paper develops expressions which relate the parameters of a sonar to the processing power and memory required for the system. These expressions can be used when designing a sonar t o ensure that realistic demands are placed on the processing engine. Benchmark test results are also presented for simulation algorithms running on a variety of machines. RESUME -Ce document ddveloppe des expressions mettant en relation les paramgtres d'un sonar avec la puissance et la memoire traitements requises pour le systhme. Ces expressions peuvent dtre utilisBes lois de I'Btude du sonar de f a~o n B s'assurer que les exigences r6elles sont placees sur I'appareil traitant. Les resultats des tests de reperage sont Bgalement donn6s pour les simulations algorithmiques d'une vari6tB de machines.
INTRODUCTION
High resolution mapping of the sea-bed has traditionally been met by side-scan sonars. In radar, synthetic aperture processing is applied t o side-scan systems t o improve the resolution and this technique is now being investigated for side-scan sonar systems. The side-scan technique involves towing a transducer array along a straight path at a constant velocity. Sound is transmitted in a beam perpendicular t o the motion of the transducer (fig 1) . Range (acrosstrack) resolution is obtained by either transmitting a short pulse, or by transmitting a longer modulated pulse which can later be compressed into a short pulse. Azimuth (along-track) resolution is obtained by using a narrow beam, which means that a traditional side-scan sonar needs t o operate at a high frequency which in turn reduces the operating range or with a long antenna which makes the system more costly and more cumbersome. By coherently combining the returns at several sampling positions the synthetic aperture technique produces an effective beam-width much narrower than that of the real antenna. A comparison of the theoretical performances of synthetic aperture sonar against to the nonsynthetic aperture sonar can be found in [ I I and 121.
The use of synthetic aperture techniques in side-scan radar are now commonplace 131 but their use in sonar is, as yet, restricted t o research projects with no commercial systems known t o the authors. To make a useful synthetic aperture sonar, it will be necessary t o implement the processing in real time. Previous investigations into synthetic aperture sonar have performed the synthetic aperture processing off-line [41, 151, [61. Another investigator [71 determined the processing requirement for a narrow-band synthetic aperture sonar in terms of the map-azimuth resolution. This paper extends the result t o cover wide-band systems, and presents the processing in terms of the fundamental parameters of the sonar. The result can then be used when choosing the parameters for the sonar system t o calculate their impact on the processing requirement.
PROCESSING REQUIREMENT
We assume that the processing is performed on every sample in the line, and that the length of the synthetic aperture is given by the lowest frequency in the transmitted pulse. The length of the synthetic aperture L , , for an object at a slant range R from the antenna is given by:
where D is the length of the real antenna on the fish and Amax is the maximum wavelength of the frequency band in the transmitted pulse. Then:
where N , , is the number of samples that contribute t o the focussing on one point. To calculate the number of operations that need t o be performed on the whole line Ntot, we sum the aabove equation across the whole range: now f, is the sampling frequency, i.e f,=ko.f,, where f , is the centre frequency and ko is the over-sampling rate, 6, = ulprf where u is the boat velocity and prf is the pulse repetition frequency, and:-Where O is the quality factor of the transmitted pulse (Q = Bandwidthlf,) Substitute these into Substituting these values into equation (7) above gives 2.1 Million operations per second! This result in itself is fairly meaningless without knowing the complexity of an operation. In fact an operation involves finding a point that corresponds to the current focussing point, extracting it from memory and adding it to an accumulator. Thus, focusing on a point can take many computer instructions.
MEMORY REQUIREMENT
In addition to the processing requirement, an important consideration for the processing system is the total memory capacity needed to store the data. This section derives an equation which can be used at the sonar design stage to predict the impact that the relevant sonar parameters have on the memory requirement. The number of samples which must be stored per line is given by: 
BENCHMARK TESTING
To evaluate accurately the processing requirement it is necessary to know the execution time for one operation. In theory this could be done by counting the number of instructions for one operation and then calculating the time taken to perform these instructions. Unfortunately, with modern processor architectures, which have complicated pipelining systems for instruction execution, it is very difficult to calculate the time taken to perform a complicated algorithm, thus the best way is to run the algorithm which would be used for synthetic aperture processing on a real machine and time it.
A simulation program was written in C consisting of two parts, the first, generating received sonar data from a simulated sea-bottom, the second, implementing the synthetic aperture processing algorithm to reproduce an image of the sea-bottom from the simulated sonar data. The algorithm was timed on several processors. Where possible hardware timers were used to obtain the timing of the second part of the simulation program. When hardware timers were not available, the whole program was timed, and then the program was timed again without the second part of the simulation, when these two timings are subtracted the time taken for the second part of the simulation is obtained. The results of these tests are shown in tablel. The tests were based on the following processing parameters:
Max Range : 100m; Min Range : Om; Boat speed : 2 mls (4 knots); Array Length : 1 m; Centre Frequency : 50 kHz; Over-Sample : 1; Number of platform positions stored : 60; Number of platform positions processed : 30
These parameters are much easier to process than the typical parameters shown in the previous, based on further simulation results and on the formula derived above, we would expect the processing to be five times greater than the simulation and to perform the processing for the typical parameters above in real time, a processor would need to be capable of performing the simulation program in 400ms. Using this, we can calculate the number of processors required for real-time execution. These figures are shown in table 1.
I (1 6k cache) I Table 1 . Time taken by various processors to implement the synthetic aperture algorithm.
CONCLUSIONS
We have shown that synthetic aperture processing of side-scan sonar data is possible in real-time with a favourable choice of sonar parameters. We have also derived expressions which allow the designer of synthetic aperture systems to predict the impact of his choice of sonar parameters on the processing system. No. of processors required 80
